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Detailed explanation of the invention 
Technical field of the invention 

This invention relates to a microcomputer with an internally housed standby function, and 
more specifically, to a microcomputer mounted on one chip that is made such that it has a 
standby control circuit which generates, respectively, a first standby mode, and a second standby 
mode that produces a low power consumption state which stops even a clock generating function 
produced by an oscillator circuit. 

Prior art and its problems 

In a one chip microcomputer, in the past, a standby mode was used that placed it in a state 
wherein power consumption was less than in the normal operating mode. Also it was designed so 
that it entered the above-mentioned standby mode when it was not particularly necessary for the 
microcomputer to perform any tasks. 

Purpose and construction of the invention 

This invention, as was presented above, divides the standby mode into a first standby 
mode, and a second standby mode that obtains a particularly low power consumption state. Its 
purpose is to be able to enter either of these modes by means of a program command, and its 
purpose is to offer a one-chip microcomputer that internally houses a standby control circuit on 
the one chip. Also, for that purpose, the microcomputer having an internally housed standby 
function of this invention is characterized in that it is a microcomputer internally housing at least 
an oscillator circuit and a processing section containing an oscillator circuit and a calculation 
processing circuit, and it is characterized in that it has a standby control circuit that generates by 
means of a program command a first standby mode that stores the address to which the program 
counter of the above-mentioned processing section is to go to next, and along with halting the 
operation of the above-mentioned processing command in a state which in which each register 
has stored the information, halts the supply of a clock signal to the processing section in a state in 
which the above-mentioned oscillator circuit is in operation, and a second standby mode that, 
along with halting the operation of the above-mentioned processing section, halts the oscillation 
operation of the above-mentioned oscillator circuit, and a standby release circuit that detects a 
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standby release signal corresponding to the above-mentioned first and second standby modes, 
and along with starting the supply of the above-mentioned clock signal and starting the 
above-mentioned oscillator circuit, releases the halted state of the above-mentioned processing 
section. 

Application examples of the invention 

Figure 1 shows the construction of a one chip microcomputer to which this invention is 
applied, Figure 2 shows an explanatory diagram explaining one application example of controls 
related to the first standby mode, Figure 3 shows one application example of a timing chart for 
the first standby mode, Figure 4 shows an explanatory diagram explaining one application 
example of controls related to the second standby mode, Figure 5 shows one application example 
of a timing chart for the second standby mode, and Figure 6 shows one application example of 
the construction of essential components of a section related to the generation and release of the 
standby modes. 

In Figure 1, (1) is an oscillator that generates a clock, (2) a frequency divider that 
frequency-divides the output from the above-mentioned oscillator circuit (1), (3) a CPU, (4) a 
timer/counter constructed so as to assign roles, as will be explained later, (5) a RAM, (6) a ROM, 
and (7) an input/output circuit section. 

In normal operation, the clock that is generated by the oscillator circuit (1) is divided by 
means of the frequency divider (2). Also, clock signals having the prescribed frequencies are 
distributed to the CPU (3) and the like. In other words, the microcomputer illustrated in Figure 1 
is designed so as to execute processing according to a program stored in, for example, a ROM. 

This invention is not limited to a microcomputer having a construction such as is 
illustrated in Figure 1, but in the following, explanations are given using as an example a 
microcomputer having the construction illustrated in Figure 1. 

In this invention, for example, a standby control circuit is built into a microcomputer 
having the construction illustrated in Figure 1. Figure 2 explains one application example of the 
controls related to the above-mentioned first standby mode. In the figures, keys (1 to 7) 
correspond to Figure 1, (8) shows a standby control circuit, and (9) shows a standby release 
terminal. 

As will become clearer by referring to and following the timing chart illustrated in 
Figure 3, if the first standby mode is designated by means of a command, the CPU (3), as is 
illustrated, outputs a command, and the first standby flag (explained later in Figure 6) is set in the 
standby control circuit (8). Based on this, the standby control circuit (8), as is shown at ©', sends 
a halt (HALT) signal to each processing section, and by this means each processing section 
enters a halt state. Then, the standby control circuit (8), as is shown at ®, sends a clock halt 
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signal to the frequency divider (2), and the frequency division function of the frequency divider 
(2) is halted. In this first standby mode, the oscillator circuit (1 ) continues in the oscillating state. 
Also, the contents (the address of the command to be executed next) of the program count (not 
illustrated) is stored during standby mode generation, and the state of all of the other registers, 
flags, statuses, RAMs, and the like are made such that they are correctly stored during execution 
of the first standby command. 

At the time that the first standby mode is to be released, when the standby control circuit 
(8) receives a release input as is shown at © of Figure 2, it clears the above-mentioned standby 
flag, clears the clock halt signal to the frequency divider (2), and next, releases the 
above-mentioned halt state. In other words, it returns to the normal processing mode, and 
processing is restarted based on the above-mentioned stored contents of the timer/counter (4). 

Figure 4 explains one application example of controls related to the above-mentioned 
second standby mode, and the keys (1 to 9) in the figure correspond to those of Figure 2. 

As will be more clearly understood by referring to and following the timing chart 
illustrated in Figure 5, when the second standby mode is designated by means of a command, the 
CPU (3) sends a command as is shown at ®, and the second standby flag (explained later in 
Figure 6) is set in the standby control circuit (8). Based on this, the standby control circuit (8) 
sends a halt signal to each processing section as is shown at ©, and by this means, each 
processing section enters the halt state. As is shown at ®, the standby control circuit (8) then, 
along with halting the frequency-dividing function of the frequency divider (2) by sending a 
clock halt signal to the frequency divider (2), halts the clock generating function of the oscillator 
circuit (1) by sending an oscillation halt signal to the oscillator (1), as is shown at ©. At this 
time, during the standby mode, the content of the program counter (the address of the command 
to be executed next) is stored, and the state of all of the other registers, flags, statuses, RAMs, 
and the like are made such that they are correctly stored during execution of the second standby 
command. 

At the time that the second standby mode is to be released, as is shown at (D of Figure 4, 
when the standby control circuit (8) receives a release input it drops the oscillation halt signal to 
the oscillator circuit (1). At this time, the output from the oscillator circuit (1) is supplied to the 
timer/counter (4), and the timer/counter (4) operates as a delay timer and provides the prescribed 
time delay. This can be considered as a device that bides time until the oscillator circuit that has 
entered the halt state during the second standby mode restarts oscillation and reaches a stable 
state. When the delay operation time of the timer/counter (4) is up, as is shown at ©, the standby 
control circuit (8) drops the clock halt signal to the frequency divider (2), and next, releases the 
above-mentioned halt state. At this time, the above-mentioned content of the timer/counter (4) 
that has been stored is set in the pertinent counter (4), and processing is restarted. 
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Figure 6 shows one application example of the construction elements for the section 
related to generation and release of the standby modes. The keys (1 , 2, 4, 8) in the figure 
correspond to those of Figures 2 and 4, and a key (10) shows a first standby 1 flag, (1 1) shows a 
second standby flag, (12) shows a standby control unit, (13) shows a standby release detection 
circuit, (14) shows a delay flag, and (15 to 18) show the respective AND circuits. 

In the normal processing mode, the flag (10) outputs a logical "1," the flag (1 1) outputs a 
logical "0," as a result of this the delay flag (14) outputs a logical "1," and the AND circuit (18) 
outputs a "1" and the standby control unit (12) is held in the inactive state. 

In this state, when the flag (10) is set based on a first standby command, the illustrated 
output of the flag (10) becomes a logical "0," and the standby control unit (12) is placed in the 
active state. At this time, the output of the flag (1 1) is a logical "0, M and there is no output of the 
"oscillator control" signal at the standby control unit (12). Due to the fact that the standby control 
unit (12) has entered an active state, the "clock control" signal is output, and the frequency 
division function of the frequency divider (2) is halted. 

When a release input is applied in the case of releasing said first standby mode, the 
standby release detection circuit (13) detects this instruction, and controls the reset state of flags 
(10, 1 1), respectively. At this time, because the flag (1 1) is in its original reset state, it is not 
influenced at all, but the flag (10) is reset. At this time, because the oscillator circuit (1) has been 
performing the oscillation operation, the delay flag (14) continues output of a logical "1," the 
AND circuit (18) outputs a logical "1," and the standby control unit (12) returns to the inactive 
state. In other words, frequency division by means of the frequency divider (2) is restored. 

Under the normal processing mode, if the flag (1 1) is set based on a second standby 
command, the output of the flag (1 1) becomes a logical "1." As a result of this, the delay flag 
(14) outputs a logical "0," the AND circuit (18) output becomes a logical "0," and the standby 
control unit (12) enters the active state. At this time, because the output of the flag (11) becomes 
a logical "1," in the standby control unit (12) it has an output form that matches the "oscillation 
control" signal. By this means, the oscillator circuit (1) is halted, and the frequency divider (2) is 
halted. 

When a release input is applied in the case of releasing said second standby mode, the 
standby release detection circuit (13) detects this instruction and controls the reset condition of 
the flags (10, 1 1), respectively. At this time, because the flag (10) is in the original reset state, it 
is not influenced at all. When the flag (1 1) is reset, the output of the flag (11) becomes a logical 
"0." Due to this, the standby control unit (12) drops only the "oscillation control" signal because 
the AND circuit (18) is already in the logic "0" state. The oscillator circuit (1) therefore restarts 
the oscillation operation, the timer/counter (4) is in a temporarily controlled state, and the output 
from the above-mentioned oscillator circuit (1) is counted. When the timer/counter (4) produces 
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a carry output, the delay flag (14) becomes a logical "1" (because the output of the flag (1 1) is 
already a logical "0"), the AND circuit (18) outputs a logical "1," and the standby control unit 
(12) is made inactive. In other words, the "clock control" signal is dropped, and the normal 
operating processing mode is entered. 

Effects of the invention 

As was explained above, according to this invention, a first standby mode and a second 
standby mode can be selectively generated by means of their respective commands. Also, in the 
case of the second standby mode in particular, the clock generating function in the oscillator 
circuit (1) can also be halted, and the creation of a low power consumption state becomes 
possible. It is necessary, however, to delay until operation of the oscillator circuit is stabilized 
when the second standby mode is released. In the case of the illustrated application examples, a 
program counter is used as a timer to effect said delay, and mounting it on one chip essentially 
becomes feasible only by including a standby control circuit. 

Brief description of the figures 

Figure 1 shows the construction of a one-chip microcomputer to which this invention is 
applied, Figure 2 is an explanatory diagram showing one application example of controls related 
to the first standby mode, Figure 3 shows one application example of a timing chart for the first 
standby mode, Figure 4 is an explanatory diagram showing one application example of the 
controls related to the second standby mode, Figure 5 shows one application example of a timing 
chart for the second standby mode, and Figure 6 shows the construction of essential elements for 
one application example of a section related to generation and release of the standby mode. 

In the figures, (1) shows an oscillator circuit, (2) a frequency divider, (3) a CPU, (4) a 
timer/counter, (5) a RAM, (6) a ROM, (7) an input/output circuit section, (8) a standby control 
circuit, (10) a first standby flag, (1 1) a second standby flag, and (12) a standby control unit. 
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Figure 1* 

Key: 1 Oscillator circuit 
2 Frequency divider 
4 Timer/counter 
7 Input/output circuit 



Figure 2 

Key: 1 Oscillator circuit 

2 Frequency divider 

4 Timer/counter 

7 Input/output circuit 

8 Standby control circuit 

9 Standby release terminal 



[Translator's note: In the figures, most of the writing is illegible, but the meanings can be frequently deduced from 
the text body.] 
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Figure 3 



Key: 1 [Illegible] reset 

2 HALT signal 

3 CLK halt signal 

4 [Illegible] reset 

5 HALT release 

6 CPU or HALT [Illegible] by H 

7 [Illegible] 

8 First standby flag 



Figure 4 

Key: 1 Oscillator circuit 

2 Frequency divider 

4 Timer/counter 

7 Input/output circuit 

8 Standby control circuit 

9 Standby release terminal 

10 HALT [illegible] signal 



Figure 5 

Key: 1 Reset 

2 HALT signal 

3 CLK halt signal 

4 Oscillator halt signal 

5 At reset 

6 Second standby flag 

7 HALT release 

8 Oscillator halt 

9 [Illegible] 

10 Delay timer 

1 1 Count of the timer/counter 

12 Carry 



Key: 1 
2 
3 



Oscillator circuit 
Frequency divider 
Oscillator control 



Figure 6 
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4 


nbit binary counter 


5 


Clock control 
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To [illegible] clock 
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Standby control circuit 


10 


First standby flag 


11 


Second standby flag 


12 


Standby control unit 


13 


Standby release detection circuit 


14 


Delay flag 


15 


First standby command 


16 


Second standby command 


19 


Timing 


20 


Release input 1 


21 


Release input 2 


22 


Release input 3 


23 


Standby control 


24 


Clock control 


25 


Oscillator control 


26 


Standby signal 



